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Abstract
Background—Quality improvement programs have shown increased use of beta-blockers post-
myocardial infarction(MI), but there are no data on whether appropriate doses are administered.
Methods—In a prospective registry that enrolled consecutive patients with MI, we evaluated beta-
blocker dosing at discharge after MI and 3-weeks later and assessed clinical predictors for treatment
with very low doses. We studied 1971 patients (70.8% male) with mean age 63.9±13.7 years, of
whom 48.2% had an ST elevation MI.
Results—Beta-blocker utilization rates following MI were 93.2% at discharge-20.1% received
<25% of target dose, 36.5% received 25% of target dose, 26.4% received 26–50% of target dose,
and 17.0% received >50% of target dose. Between discharge and three-weeks, 76.4% had no change
in beta-blocker dose, with 11.9% and 11.6% having their dose reduced and increased, respectively.
Absence of hypertension, acute PCI, older age, and no ACE-inhibitor therapy were consistent
predictors of treatment with very low beta-blocker doses.
Conclusions—Underdosing of beta-blockers is highly prevalent among patients post-MI. This
represents an important opportunity in quality improvement for the care of patients who have suffered
a MI.
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For >20 years, it has been known that beta-blockers improve survival following myocardial
infarction(MI). This has been established in multiple randomized trials1–5 including
CAPRICORN2 performed in the reperfusion era. In addition, observational studies from large
databases have confirmed that beta-blockers may confer up to a 40% survival advantage
following MI6–8. For this reason, the 1990 ACC/AHA guidelines9 first recommended (class I
or IIa recommendation) beta-blocker therapy for essentially all post-MI patients, except those
with contraindications. Despite these data and guideline recommendations, many studies
published in the 1990s7, 10–18 demonstrated that beta-blockers were under-prescribed
following MI, with the largest studies showing utilization rates of approximately 50% or less.
In order to enhance beta-blocker use post-MI, this was selected to be a key quality indicator
tracked by several organizations, including the National Center for Quality Assurance, the Joint
Commission on Accreditation of Healthcare Organizations, and the Center for Medicare and
Medicaid Services, and this indicator was incorporated in the 2006 and 2008 ACC/AHA
clinical performance measures for acute MI19, 20. Recent data document the effectiveness of
this approach. The CRUSADE registry21 demonstrated that 84% of patients were discharged
on beta-blockers. The NCQA has also demonstrated an increase in beta-blocker utilization
rates among eligible post-MI patients from approximately 60% in 1996 to >90% in 200522. A
recent European survey demonstrated that 80% of patients with acute MI were treated with
beta-blockers 23. It is important to note that the quality indicator tracked by these organizations
is whether a beta-blocker was prescribed or not, with no consideration as to whether the dose
administered is reflective of the doses shown to be effective in the randomized trials upon
which this performance measure was based.
In addition to the underuse of beta-blockers, several studies11, 18, 24, 25 have also documented
underdosing of beta-blockers. These studies, predominantly reflecting practice patterns in the
1990s, showed that the vast majority of patients discharged on beta-blockers did not achieve
the target doses demonstrated to be effective in the randomized trials. In fact, the majority
received ≤50% of the target dose. This contrasts with the dosing used in randomized clinical
trials of beta-blockers which have shown a very high success rate of achieving target dose;
these trials and the dosing used serve as the basis for the survival benefit of post-MI beta-
blocker therapy. Interestingly, the COMMIT trial26, in which rapid titration to target doses was
performed, demonstrated no survival benefit. The purpose of this report is to determine whether
the evidence-based quality assurance initiatives that have increased beta-blocker use at
discharge have also impacted the issue of underdosing of beta-blockers, by evaluating beta
blocker doses in patients enrolled in the PACEmaker & Beta-blocker Therapy Post-
Myocardial Infarction (PACE-MI) Trial Registry.
METHODS
The PACE-MI Trial is a randomized clinical trial evaluating whether pacemaker facilitated
beta-blocker therapy after MI in patients who have bradycardia contraindications to beta-
blockers improves survival27. The trial includes a registry of all patients with MI at most of
the participating sites, in which detailed information regarding beta-blocker therapy is
collected. Participating sites are listed in the appendix and include a cross-section of hospital
types.
Patient Population
All patients admitted with acute MI at participating sites were entered into the registry. Acute
MI was diagnosed by:
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1. Either CPK elevation >2 times or troponin elevation >3 times the upper limit of normal
and
2. Either chest pain (or equivalent symptoms suggestive of MI) or ECG changes
consistent with MI.
Peak total CPK and troponin values were recorded, as available (5 sites used troponin T);
because of the multiple laboratories and the wide range of reported upper limits of normal
among the sites, only a median value is provided and this was not used for further analysis.
Basic demographic, historical, and hospitalization information, as well as information
regarding the index MI, was collected. Sites were instructed to obtain information from the
emergency room record, admission history, discharge summary, cardiac catheterization report,
and medication sheets. Specific information regarding beta-blocker type and dose at discharge
was collected. Specific reasons for not using beta-blockers at discharge were noted in patients
not discharged on beta-blockers. In addition, at most sites, beta-blocker dose three weeks
following MI was ascertained via the patient’s physician. No specific beta-blocker was
recommended. All data were collected at the site and de-identified patient information was
entered in a web based electronic data capture system (Medidata, New York, NY). A waiver
of consent for the registry was obtained at each participating site. The study was approved by
the Northwestern University IRB and at each participating site IRB.
Registry data include patients admitted with MI between August 2007 and July1,2008. As sites
received IRB approval, registry accrual began. In June2008, the Steering Committee and
DSMB reviewed the progress of the study as well as registry data. Because of the potential
lack of efficacy of sub-therapeutic beta-blocker dosing as well as changes in registry procedures
(change of ascertainment of beta-blocker use from three-weeks to two-months), the Steering
Committee approved publication of these data.
Data Analysis
Patient characteristics were compared using chi-square tests for categorical variables and
analysis of variance for continuous variables. Multiple logistic regression was used to model
predictors of no beta-blocker or very low beta-blocker dose at discharge and 3-week follow-
up. As beta-blocker type was chosen by the managing physician, for the purposes of this study,
we defined the target doses for the most commonly used beta-blockers: metoprolol 200mg/
day3, carvedilol50 mg/day2 (CoregCR80mg/day), propranolol180mg/day1, bisoprolol10 mg/
day28, and atenolol100 mg/day18, 29. Based on the doses administered, a proportion of target
dose was calculated (dose administered/target dose). Data are reported for metoprolol, the most
commonly prescribed beta-blocker, separately and for all beta-blockers for which target dose
could be identified. Beta-blocker doses were divided into three groups: ≤25% target dose
(defined as very low dose), 26–50% target dose, and >50% target dose. Analyses were
performed using SAS (SAS Institute Inc., Cary, NC). A p-value <0.05 was considered
significant.
RESULTS
Table 1 provides the demographic and clinical data. There were 1971 patients (70.8% male)
with mean age 63.9±13.7 (range 26 to 97) years; 48.2% had an ST elevation MI. Of these
patients, 73.9% were treated with acute PCI and 17.0% were treated with thrombolytic therapy.
The median (inter-quartile range) for peak troponin was 5.2 (1.5–20.5) ng/ml. In-hospital
mortality was 5.0%. Of the 1872 patients discharged alive, 93.2% were treated with beta-
blockers, 92.7% with aspirin, 68.7% with ACE-inhibitors/ARB, and 83.8% with statins. Mean
ejection fraction for patients discharged alive was 47.8±12.2%.
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There were 128 patients(6.8%) discharged without beta-blocker therapy. Reasons provided for
not administering beta-blockers are shown in Table 2. Sinus node disease/bradycardia and
hypotension were the most common listed reasons.
Of the 1741 patients discharged on beta-blocker therapy, 70.7% were administered metoprolol,
19.5% carvedilol (including CoregCR), 3.5% atenolol, 0.3% propranolol, 5.2% bisoprolol, and
0.86% received other beta-blockers.
Figure 1 demonstrates the beta-blocker dose distribution. At discharge, 18.1% of the
metoprolol-treated patients received <50 mg/day, 39.8% received 50 mg, 25.9% received
between 51–100 mg, and 16.3% received >100 mg. The respective numbers for all beta-
blockers are 20.1% (<25% target dose), 36.5% (25% target dose), 26.4% (26–50% target dose),
and 17.0% (>50% target dose). Prior beta-blocker use was noted in 32% of patients and was
associated with a higher discharge dose (48.6±32.3% versus 36.4±26.2% of target dose,
p<0.001).
Three-week follow-up data were available in 1433(77.3%) patients. Mortality at 3-weeks was
1.2% among those discharged alive. At 3-weeks, 55 patients(3.8%) were not taking beta-
blockers. Of the 1378 patients who were taking beta-blockers at 3-week follow-up, metoprolol
accounted for 69.5%, carvedilol 18.3%, propranolol 0.2%, bisoprolol 7.0%, atenolol 4.1%, and
other 0.9%. Of those receiving metoprolol, 18.9% received <50mg/day, 39.4% 50mg/day,
26.7% 51–100mg/day, and 15.8% >100mg/day. Respective numbers for all beta-blockers were
18.4%, 35.6%, 29.8%, and 16.7%.
Between discharge and 3-weeks, 76.4% of patients had no change in beta-blocker dose. There
were 338(23.6%) patients who had a dose change. Of these, 167 patients(49.4%) had an
increase in dose, and 171(50.6%) had a decrease in dose (figure 2). For patients whose dosage
increased, there was a mean 28.8±22.3% dosage increase. For those patients treated with
metoprolol, the mean daily dosage at discharge was 50.5±38.3mg and at 3-weeks 91.0±70.6mg.
For those patients whose dosage decreased, there was a mean 38.9±58.7% change. For those
patients treated with metoprolol, the mean daily dosage at discharge was 105.2±78.1mg and
at 3-weeks 49.5±45.6mg.
Tables 3 and 4 demonstrate univariate and multivariable predictors of beta-blocker dosage at
discharge and at 3-weeks. In the multivariable analysis, absence of hypertension, acute
percutaneous coronary intervention, older age, and lack of ACE-inhibitor therapy were
consistent predictors of treatment with very low doses of beta-blockers.
DISCUSSION
The PACE-MI Registry provides contemporary data on patterns of beta-blocker therapy post-
MI. This registry confirms recent findings that utilization rates for beta-blockers post-MI are
excellent, exceeding 90%. In all likelihood, this can be attributed to the cumulative effect of
evidence-based guidelines and multiple national quality improvement initiatives. The
prescribing patterns also document that patients are generally discharged on substantially lower
dosages than the target dose. In addition, the vast majority of patients do not undergo any dose
titration between discharge and three-weeks. At the end of three-week follow-up period, only
46% patients were taking ≥50% of the target dose shown to be beneficial in clinical trials.
Furthermore, 54% of patients were still being treated with ≤25% of the dose shown to be
effective in clinical trials. There are no data demonstrating the efficacy of beta-blockers at these
very low doses. While underdosing of beta-blocker therapy has been documented in the past,
this was in the setting of beta-blocker underuse. These data demonstrate that despite the
widespread success of current quality improvement initiatives, underdosing of beta-blocker
Goldberger et al. Page 4













therapy remains a significant clinical issue. This represents an important opportunity in quality
improvement for the care of patients who have suffered a MI.
Clinical trials evaluating beta-blocker use following MI have set a substantial target dose. In
BHAT1, 82% were assigned to 180mg/day dosing and 18% to 240mg/day dosing. At study
end, 57% were receiving the full-protocol propranolol dose (85% still on a beta-blocker). Based
on pill counts, >90% of the prescribed dose was taken by 78% of patients in the Goteborg
metoprolol trial3 and 85% of patients in the Norwegian Multicenter Study Group30. More
contemporary data from CAPRICORN2 show that 74% were taking the target dose of
carvedilol (50mg/day) with 11% taking 25mg/day (50% of target) and 7% taking 12.5mg/day
(25% of target). It should be noted that this study enrolled only patients whose left ventricular
ejection fraction was ≤40%. It is also interesting to examine the dose distribution of metoprolol
in MERIT-HF31 at 3 month follow-up (including >90% of patients enrolled, over half of whom
had NYHA functional class III heart failure). The 200 mg/day target dose was achieved in 56%
of patients with 11% taking 150 mg/day and 19% taking 100 mg/day. The SENIORS trial32
evaluated nebivolol in a placebo-controlled randomized trial in elderly (≥70 years) patients
with heart failure. Of the 1031 patients allocated to nebivolol, 67% reached target dose and an
additional 12% reached 50% of the target dose. Thus, randomized clinical trials support the
ability of achieving target doses in the majority of patients, even the elderly and patients with
heart failure, with the vast majority able to take ≥50% of the target dose.
While guidelines and performance measures for the care of post-MI patients clearly indicate
that virtually all such patients should be treated with beta-blocker therapy, the guidelines are
silent on dosing9, 19, 20, 33, 34. As the strong recommendations of the guidelines and
performance measures committees were based on the evidence accumulated from multiple
randomized clinical trials, it is reasonable to presume that the committees’ intent was for beta-
blocker therapy to be used as in those trials. Although clinical trials show that target doses can
be achieved in substantial numbers of patients, the present data indicate this does not happen
in clinical practice. Although quality improvement initiatives have had enormous impact on
the problem of beta-blocker underuse following MI, underdosing remains a significant
problem. It is therefore important to explore both the clinical implications of underdosing,
potential reasons for not achieving higher doses, and further steps to address this issue.
Because dose-response studies have not been performed in survival trials following MI, there
are no data to evaluate the efficacy of lower beta-blocker doses, but there are some data from
heart failure trials. The MOCHA trial35 evaluated three carvedilol doses in patients with heart
failure–12.5, 25, and 50mg/day. Although this trial was not designed to evaluate carvedilol’s
effect on survival, the lowest 6 month mortality (1.1%) was noted in the highest dose group.
The groups receiving intermediate doses had mortalities of 6–6.7%. Other large-scale heart
failure trials have performed post-hoc analyses evaluating the effect of dose on mortality
reduction. In MERIT-HF31, the high-dose group (mean 192mg/day) experienced 6.2% deaths/
patient-year, while the low-dose group (mean 76mg/day), experienced 8% deaths/patient-year.
This compared to the 10.8% deaths/patient-year in the 1845 placebo patients. There were 22%
and 29% reductions in all-cause mortality plus all-cause hospitalization in the low- and high-
dose subgroups, respectively, and 40% and 62% reductions in hospitalization due to worsening
heart failure. Dose was also evaluated in COMET36 comparing metoprolol (target 100mg/day)
and carvedilol (target 50mg/day) in patients with heart failure. In multivariate analysis, the
relative risk associated with target versus below target dose treatment was 0.78 (p<0.0025).
Patients on target dose had a two-year mortality of approximately 10%, while those at below
target dose had a two-year mortality of approximately 20%. Of note, there is a paucity of data
even in these trials regarding patients taking very low doses of beta-blockers, specifically those
<25% of target dose.
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While this registry demonstrated that most patients did not have any dose titration between
discharge and three-week follow-up, the reasons for the lack of dose titration are unclear. It is
certainly possible that patients could not tolerate higher doses. This seems unlikely given the
dramatically lower percentage of patients in this Registry achieving ≥50% of target dose
compared to what has been achieved in prior trials. Alternative explanations could include
physician reluctance to up-titrate beta-blockers due to the variety of other medications patients
were taking. Another possibility is the lack of an infrastructure to effect dose titration
systematically following discharge. As the average length of stay following MI has declined,
the hospital setting does not provide as adequate an opportunity for dose-titration as in the
earlier era of longer hospital stays. In contrast to the clinical practice setting, in clinical trials,
patients are seen frequently and can have their dose escalated at each visit. It should be noted
that avoiding excessively rapid dose titration is also a very important issue, as the COMMIT
trial26 demonstrated both positive and negative clinical outcomes in post-MI patients whose
dose was escalated rapidly during the in-hospital phase following MI. Specifically, they
observed a 22% reduction in arrhythmic death but an increase in cardiogenic shock; overall
there was no survival benefit when beta-blockers were given in this fashion. Similarly, the
POISE trial37 evaluated the effects of peri-operative beta-blocker therapy for non cardiac
surgery. The study demonstrated that rapid titration to target dose therapy can be associated
with both beneficial (less MIs) and harmful (more deaths and strokes) effects. Finally, there
could be reluctance among patients to have their dose increased. If this is a significant issue,
efforts at patient education could be implemented to address this.
While quality improvement initiatives have had clear impact on beta-blocker use, new
initiatives to deal with underdosing could be more challenging. As target doses are not likely
to be achieved by hospital discharge, a true assessment of dose achieved must be performed
at some later time. Because patients may be followed by multiple physicians at multiple
locations, it is unclear when and how to obtain the follow-up beta-blocker information.
Innovative hospital discharge programs involving nurses and pharmacists can impact
outcomes38. It is likely that modifications of our current approach to the post-discharge
management of the patient with MI will be required in order to incorporate target doses of beta-
blockers in the quality assessment program. Based on past performance, setting these targets
will also drive the medical community to accommodate this objective.
Limitations
It is possible that dose up-titration occurred beyond the three-week window evaluated in this
study, as routine office visits often occur beyond this time in this cohort. However, studies that
have evaluated long term beta-blocker use post-MI have generally shown attrition and not
increasing use24, 39. Gislason24 reported only a 2–7% change in beta-blocker and ACE-
inhibitor dosing over a period of years post-MI and concluded that doses are “seldom adjusted
during long-term therapy”.
The ideal time for dose titration post-MI is unknown. While dose titration for the randomized
trials2, 3, 30, 40 was generally reported to be done within several days to weeks post-MI, most
of these trials were done at a time when many of the other current therapies were not used,
making it easier to focus on up-titration of beta-blockers.
Conclusions
The PACE-MI Registry documents excellent impact of quality improvement initiatives to
increase beta-blocker use following MI. However, underdosing remains a significant issue.
Focusing only on the dichotomous question of “use” does not necessarily optimize quality if
the majority of patients receive low doses, in the absence of data demonstrating a benefit of
these doses. Until and unless it becomes clear that low dose beta-blockers provide the same
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large benefit as the target doses used in clinical trials, every effort should be made to achieve
target doses. As it seems unlikely that very low doses (≤25% target) will result in the full benefit
achievable with higher doses, a new phase in the quality improvement programs to address
this issue could have dramatic impact on survival of patients following MI.
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The graph shows the percent of patients taking various doses of beta-blockers at discharge.
Doses are shown as the proportion or percent of daily target dose - <25% - n=347; 25% - n=629;
26–50% - n=454; >50% - n=293. Each bar is subdivided to indicate metoprolol dosing and
dosing of other beta-blockers.
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The graph shows the distribution of beta-blocker dosing (shown as percent of daily target dose
– see legend) at 3 weeks stratified by whether the dose was reduced (n=171), remained the
same (n=1095), or increased (n=167) since hospital discharge.
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Table 2
Reasons provided for not initiating beta-blockers at discharge (n=128)
# of subjects (%)
Sinus node disease/bradycardia 31 (24.2%)
Hypotension 26 (20.3%)
Airway disease 19 (14.8%)
Congestive heart failure 15 (11.7%)
Unknown 15 (11.7%)
Other 9 (7.0%)
Illicit drug use 8 (6.2%)
AV Block 7 (5.5%)
Depressed mood 1 (0.8%)
Lightheadedness 1 (0.8%)
Fatigue 1 (0.8%)
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